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ABSTRACT
We study a peculiar galaxy NGC 90, a pair member of interacting systemArp 65 (NGC 90/93),
using the long-slit spectral observations carried out at the Russian 6m telescope BTA and the
available SDSS photometric data. This galaxy demonstrates two tidal tails containing young
stellar population, being an extension of its ‘Grand Design’ spiral arms. We obtained the
distribution of velocity and oxygen abundance of emission gas (O/H) for two slit orientations.
In the central part of the galaxy a significant role belongs to non-photoionization mechanism
of line emission probably caused by shocks due to LINER-like activity of the nucleus. The
O/H has a shallow abundance gradient, typical for interacting galaxies. The most intriguing
peculiarity of the galaxy is the presence of the discovered earlier huge H i ‘cloud’ containing
about half of total mass of galaxy gas, which is strongly displaced outwards and has a velocity
exceeding at about 340 km s−1 the central velocity of the main galaxy. We found traces of
current star formation in the ‘cloud’, even though the cloud is apparently not gravitationally
bound with the galaxy. A possible nature of the ‘cloud’ is discussed. We argue that it presents
a flow of gas sweeping by ram pressure and elongated along a line of sight.
Key words: galaxies: kinematics and dynamics, galaxies: evolution
1 INTRODUCTION
NGC 90 = UGC 208 is a spiral galaxy of SABc type, a mem-
ber of the interacting pair of galaxies NGC 90/93, known
as the system Arp 65. The distance between two galaxies
is about 3 arcmin (64 kpc) in projection which is about 3
optical diameter D25 of NGC 90 (according to Hyperleda1).
This galaxy possesses a pair of regular spiral arms of Grand
Design type, which are unusually contrast even at the NIR
images. Such feature of the spiral structure can be considered
as a consequence of the interaction (Casteels et al. 2013; Oh
et al. 2008). Both arms straighten at the periphery, passing
into the tidal tails. A thin and long tail is aimed to north-west,
and smooth and a shorter one – in the opposite direction. Cu-
riously, the line-of-sight (LOS) velocities of paired galaxies
differ by more than 300 km s−1(HyperLeda), and more than
400 km s−1according to H i velocity found by Sengupta et al.
(2015). Such velocity discrepancy is unusually high for in-
teracting galaxies with tidal structures. Both galaxies are the
members of a group SRGb063, where X-ray gas was detected
(Mahdavi & Geller 2004).
Following Sengupta et al. (2015), we assume that the
? E-mail:zasov@sai.msu.ru
1 http://leda.univ-lyon1.fr/ (Makarov et al. 2014)
distance to this system is 73 Mpc. Total K-band magnitudes
of galaxies taken from Hyperleda correspond to the NIR
luminosities log LK = 10.69 (in solar units) and 11.19 for
NGC 90 and NGC 93 respectively, so one can expect that
NGC 90 is slightly less massive than its neighbour.
Single dish observations of H i reveal the unusuallywide
double-hump profile of hydrogen line (Springob et al. 2005).
Sengupta et al. (2015) carried out the resolved observations
of NGC 90 and its tidal debris at 21 cm line. They found that
a total mass of H i connected with this galaxy is quite normal
(about 7 × 109M). However, about a half of hydrogen mass
looks strongly displaced with respect to the main body – both
in space and in the velocity field, which accounts for a wide
profile of non-resolved observations. It looks like a huge H i
‘cloud’ comparable with the optical galaxy by its size, which
is projected on the SE part of the disc. The LOS velocity of
this H i ‘cloud’ does not agree with the expected velocity
of a galaxy, exceeding at about 340 km s−1 the velocity of
galaxy centre. A cause of such peculiarities is not fully un-
derstood (see discussion Sengupta et al. 2015), which makes
this galaxy very interesting for further investigation.
In this paper which is a continuation of our series of
works on the interacting systems (Zasov et al. 2015, 2016,
2017, 2018, 2019) we describe the results of optical spectral
observations of NGC 90 with a long-slit aimed to study its
© 2018 The Authors
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Figure 1. Right: composite g,r,i-band DECaLS DR8 image of Arp 65 pair with contours of H i surface density from Sengupta et al. (2015). Left: the zoomed
region around NGC 90 in DECaLS r-filter with H i contours and overplotted positions of the slit and the apertures considered in photometric analysis.
kinematics and gas-phase abundance and to clarify a possible
nature of peculiarities of this galaxy. DECaLS DR8 image
of the system is given in Fig.1 where slit positions and H i
contours from Sengupta et al. (2015) are also shown. For
several highlighted areas marked in the image of NGC 90,
we used photometric estimates (see below).
2 OBSERVATIONS AND DATA REDUCTION AND
ANALYSIS
We carried out long-slit spectral observations of NGC 90
with the Russian 6-m telescope with SCORPIO-2 multi-
mode reducer of the telescope prime focus (Afanasiev &
Moiseev 2011). The observations took place on 4-th and 5-th
of November 2015 for PA=125◦ and PA=122◦ correspond-
ingly under the seeing 1.9 arcsec. The exposure times are
4500 and 7200 seconds for PA=125◦ and PA=122◦. We uti-
lized the grism VPHG1200@540, which covers the spectral
range 3600–7070 Å and has a dispersion of 0.87 Å pixel−1.
The spectral resolution is ≈ 5.2 Å estimated as FWHM
of night-sky emission lines. The scale along the slit was
0.36 arcsec pixel−1, the slit width was 1 arcsec. We demon-
strate the positions of the slit in Fig. 1.
We processed the data using our idl-based pipeline. The
reduction was already described in the previous papers (see,
e.g. Zasov et al. 2015, 2016). It includes a bias subtraction
and truncation of overscan regions, flat-field correction, the
wavelength calibration based on the spectrum of He-Ne-Ar
lamp, cosmic ray hit removal, combination of individual ex-
posures, the night sky subtraction and flux calibration.
After the reduction we fitted the processed spectra tak-
ing into account the parameters of instrumental profile of
the spectrograph resulted from the fitting of the twilight
sky spectrum observed in the same observation runs. We
convolved the parameters of instrumental profile with the
high-resolution PEGASE.HR (Le Borgne et al. 2004) sim-
ple stellar population models (SSP) and fitted the reduced
spectra of galaxies. We performed it using the nbursts full
spectral fitting technique (Chilingarian et al. 2007a,b), which
allows to fit the spectrum in a pixel space. In this method the
parameters of the stellar populations are derived by nonlinear
minimization of the quadratic difference chi-square between
the observed and model spectra. We utilized the following
parameters of SSP: age T (Gyr) and metallicity [Z/H] (dex)
of stellar population. The line-of-sight velocity distribution
(LOSVD) of stars was parameterized by Gauss-Hermite se-
ries (see van der Marel & Franx 1993).
The emission spectra were obtained by subtraction of
model stellar spectra from the observed ones. After that we
fitted the Gaussian profiles to emission lines to estimate the
velocity and velocity dispersion of ionized gas and the fluxes
in the emission lines. All measured flux ratios were corrected
for reddening based on derived Balmer decrement using the
reddening curve from Cardelli et al. (1989) parametrized by
Fitzpatrick (1999).
Using the measured strong emission lines ratios we es-
timated the distribution of oxygen abundance (which is a
good indicator of gas phase metallicity) along each slit. Due
to the low sensitivity of the CCD in the bluest part of the
spectrum (λ < 4000Å), we were unable to measure flux of
[O ii]3727Å line for most of the observed regions and hence
we were very limited in a number of available methods that
we can use to derive oxygen abundance. In this paper we
rely our measurements on two empirical calibrations: O3N2
by Marino et al. (2013), which utilize [O iii]5007Å/Hβ and
[N ii]6583Å/Hα flux ratios, and S calibration by Pilyugin
& Grebel (2016), which uses also [S ii]6717+6731Å/Hα in
addition to the mentioned flux ratios. Note that in the original
version of the S method all the measured fluxes are normal-
ized to Hβ, while here we use the reddening-corrected fluxes
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3relative to the closest Balmer line (Hα or Hβ) and rely on the
theoretical flux ratio of Hα/Hβ = 2.86 as expected for H ii
regions at the electron temperatureTe = 10000K (Osterbrock
& Ferland 2006).
2.1 Results of spectral observations
The results of the analysis of our spectral data are given
in Fig. 2, which demonstrates the distribution of measured
parameters along the slits with PA=122◦ (left) and PA=125◦
(right). For each slit we show: (a) position of the slit marked
by horizontal dotted line overlaid on the DECaLS g,r,z-band
image, (b) LOS velocity relative to that of the optical centre of
NGC 90 (5197 km s−1 according to Sengupta et al. 2015), (c)
strong emission lines flux ratios2, and (d) oxygen abundance
derived by O3N2 and S methods (see Section 2 for details).
The panel (b) of Fig. 2 for the slit with PA=122◦ demon-
strates how the LOS velocity changes along the northern tidal
tail. The gas velocity slowly grows outwards and flattens at
large distances. Velocity of the outer tail regions beyond the
main body of NGC 90 differs by about 100 km s−1 from that
of the galactic centre (V=0 in our diagram). One can see that
both gaseous and stellar components demonstrate a similar
behaviour, hence the stars and the emission gas in these areas
move together inseparably.
A LOS velocity distribution along the second slit
(PA=125◦) running through the center of galaxy at an an-
gle not far from the dynamic major axis (see below) show
a well ordered integral-shaped pattern of rotation of stellar
disc with the semi-amplitude ∼ 130 km s−1. This is in a good
agreement with the rotation velocity ∼ 100 km s−1 derived
from H i data by Sengupta et al. (2015). Unlike stars, ionized
gas kinematics demonstrates a strong non-circular motion in
the inner ∼ 20 arcsec: the difference between stars and gas
exceeds 100 km s−1 NW of the nucleus both on forbidden
and Balmer emission lines. This velocity difference is too
high and asymmetric to be explained by shocks generated of
the central small bar. Most likely this kinematic decoupling
feature is related with off-plane gas motions driven by in-
teraction with NGC 93. With current spectral resolution we
were able to reliably measure LOS velocity dispersion only
in this central part of NGC 90. A stellar velocity dispersion
there is 120 – 140 km s−1, which is quite normal for galactic
bulges of mild luminous galaxies. The velocity dispersion of
ionized gas in Hα line reaches 60–100 km s−1 (with maxi-
mum in the centre) confirming the non-circular motions of
gas in the circumnuclear region.
The most unusual feature of the velocity distribution
along the slit PA=125◦ is the extended regions of abnormally
high velocity of gas at R ∼ 20 arcsec and at R ∼ 35 −
−70 arcsec (to the south-east from the galaxy), which are
hardly visible in the optical image. The LOS velocity of
the farther areas exceeds the central velocity of the galaxy
at about 300 km s−1, and the difference is even higher with
respect to the SE part of the disc, on which they are projected.
Curiously, this high-velocity emission ‘island’ is close both
by LOS velocity and by its position to the extended H i
cloud found by Sengupta et al. (2015), projected onto SE
2 Note that flux ratios of [O iii]/Hβ and corresponding uncertainties were
divided by 2 to cover the same range as for other lines on the plot
part of a galaxy (they called it ‘SE debris’). According to
these authors, the LOS velocity of SE debris found from H i
data, is 5531±27 km s−1, which is also higher at 343 km s−1
than their estimate of H i velocity of NGC 90.
A distribution of the strong emission lines flux ratios in
panel (c) of Fig. 2 demonstrates a different ionization state of
the gas in the tidal tail andwithin the central part of the galaxy.
Thus, the ratios of [N ii]6583Å/Hα, [S ii]6717+6731Å/Hα
and [O iii]5007Å/Hβ for the clumps in the tidal tail (and also
for the faint region at R ∼ 42 arcsec along the slit PA=125◦)
are typical for H ii regions, while a strong enhancement
of these ratios is observed toward the centre of the galaxy,
indicating that a dominant mechanism of excitation there
differs from classical photoionisation. In the tidal tail, the
[N ii]/Hα and [S ii]/Hα grows outside from the star-forming
clumps, and the ionization state between them is typical for
diffuse ionized gas (DIG) (see, e.g. Haffner et al. 2009).
In order to better analyse the ionization state of the
gas in different regions, we plot the diagnostic diagrams in
Fig. 3, namely (from left to right), the BPT diagram (Bald-
win, Phillips & Terlevich 1981) showing the dependence of
log([O iii]5007/Hβ) vs log([N ii]6583/Hα), and its extended
versions for log([O iii]5007/Hβ) vs log([S ii]6717+6731/Hα)
and log([O iii]5007/Hβ) vs log([O i]6300/Hα) (Veilleux &
Osterbrock 1987). We refer further all of them as BPT-
diagrams. In this Figure we plot all measurements along the
slits that correspond to a given selected area (according to de-
notation in Fig. 1) by the same symbol, while the colour of the
symbol is coded according to the measured EW(Hα) – equiv-
alent width of Hα line (in logarithmic scale). To separate the
areas of different mechanism of excitation we overlaid three
demarcation lines on the BPT-diagrams. Theoretical ‘maxi-
mum starburst line’ from Kewley et al. (2001) separates the
regions that could be explained by pure photoionization (be-
low the line) from those which demands additional source
of ionization. Grey line from Kauffmann et al. (2003) sep-
arates the regions of pure photoionization from those with
composite mechanism of excitation. Third line from Kewley
et al. (2006) separates the areas on BPT-diagrams typically
populated by Seyferts and LINER (low-ionization nuclear
emission-line region).
As it follows from BPT-diagrams, the emission lines
ratios demonstrate a clear bi-modality. The centre of NGC 90
and the spiral arms lie mostly above the ‘maximum starburst
line’ and have low EW(Hα)< 5 Å, while most of the regions
in the tidal tail seem to be photoionized with few faintest
points lying in the area of composite excitation. Following
Lacerda et al. (2018), we consider that the regions having
EW(Hα)< 14 Å are highly contaminated by surrounding
DIG, while those having EW(Hα)< 3 Å represent a pure
DIG. According to this criteria, in the tidal tail the DIG
contribution is small, being significant only in the outskirts
of star-forming clumps, while the emission from spiral arms
and from the galaxy centre is purely from DIG.
The origin of DIG in galaxies is still under debate (see,
e.g. Haffner et al. 2009; Zhang et al. 2017, for review). Tak-
ing into account the enhanced velocity dispersion of ionized
gas in the centre (together with its position on the BPT-
diagrams), we suppose that shocks from thementioned above
non-circular gas motion or/and a LINER-like activity of nu-
cleus are most probable explanation of the DIG emission
MNRAS 000, 1–10 (2018)
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Figure 2. Radial variation of the parameters estimated from the fitting of the spectra of NGC 90 for PA=122◦ (left) and PA=125◦ (right). From top to bottom
we give: the composite DECaLS g,r,z- band image with overlaid position of the slit (the slit width is shown as the distance between two horizontal lines); the
radial variation of: (b) LOS velocities relative to 5197 km s−1 – velocity of the NGC 90 optical centre; (c) strong emission lines flux ratios, and (d) oxygen
abundance derived by O3N2 and S empirical methods (Marino et al. 2013; Pilyugin & Grebel 2016, respectively). Note that all points corresponding to the
non-photoinisation mechanism of excitation according to Fig. 3 or having EW(Hα) < 3 Å were removed from panel (d) for PA=122◦ while no any selection
were made for PA=125◦ (see text for details).
1.5 1.0 0.5 0.0 0.5
log([NII]6583/H )
1.0
0.5
0.0
0.5
1.0
lo
g(
[O
III
]5
00
7/
H
)
AGN
HII
Comp.
100 km/s
150 km/s
200 km/s
250 km/s
300 km/s
350 km/s
400 km/s
450 km/s
500 km/s
1.2 1.0 0.8 0.6 0.4 0.2 0.0 0.2
log([SII]6717 + 6731/H )
1.0
0.5
0.0
0.5
1.0
Seyfert
HII
LINER
1
2
3
5
9
10
11
Other
2.5 2.0 1.5 1.0 0.5 0.0
log([OI]6300/H )
1.0
0.5
0.0
0.5
1.0
Seyfert
HII
LINER
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
log(EWH )
Figure 3. Diagnostic diagrams plotted for the regions for which we obtained spectral data. The logarithm of EW(Hα) is colour-coded. Different symbols
correspond to the regions listed on the central panel according to their denotation in Fig. 1 and Table 1. Black curve is the ‘maximum starburst line’ (Kewley
et al. 2001) separating theoretical photoionised H ii -regions and all other types of gas excitation. Grey line separates the regions with composite mechanism
of excitation according to Kauffmann et al. (2003). Black diagonal line from Kewley et al. (2006) separates the areas occupied by LINER and Seyfert on the
diagrams. Colour curves are the lines of a constant velocity of shocks according to the model from Allen et al. (2008) for Dopita et al. 2005 chemical abundance
and without precursor.
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5there. Indeed, the models of shocks taken from Allen et al.
(2008) could fit well the emission lines ratios of the central
part of NGC 90 on BPT-diagrams. Colour curves in Fig. 3
correspond to the lines of a given shock velocity accord-
ing to the grid of models computed for oxygen abundance
12 + log(O/H) = 8.44 (more precisely – the chemical abun-
dance from Dopita et al. 2005) that is nearly equal to the
measured for NGC 90 in this paper (see below). The lines
ratios on BPT-diagrams could be reproduced by shocks with
velocities of 300–450 km s−1. The reason for some disagree-
ment between the observed [N ii]/Hα values and the model
ones might be a slightly higher metallicity of the galaxy
than it was used in the models. Thus, the models of shocks
at nearly solar metallicity considered by Allen et al. (2008)
predict significantly higher values of [N ii]/Hα than those
we found, however they agree with the other observed flux
ratios. Note also that the shocks models on BPT-diagrams
correspond to pure shocks, without precursor. The models
with precursor fail to explain the observed line ratios. In gen-
eral, we may conclude that the origin of the shocks in the
centre of NGC 90 is not related to a star-forming activity.
Panels (d) in Fig. 2 show a distribution of the oxy-
gen abundance along the slits derived by two empirical
methods. Before doing that, we masked all points lying
above ‘maximum starburst line’ on BPT-diagrams or hav-
ing EW(Hα)< 6 Å. After applying that for the slit with
PA=125◦, all points from the central part of the galaxy
(−15 < R < 15 arcsec) were masked. However we decided
to leave these points on that plot for further discussion (see
below).
In general, the obtained value 12 + log(O/H) ≈ 8.5
for the galaxy nicely agrees with its absolute magnitude
MB = −20.2 (see, e.g. Pilyugin et al. 2004) . Oxygen abun-
dance derived for star-forming regions in the tidal tail (slit
with PA=122◦) shows a mild gradient along the tail. Both
O3N2 and S methods yield similar values of oxygen abun-
dance within the uncertainties. In the brightest region (#5 in
Fig. 1) 12 + log(O/H) = 8.55 ± 0.02, while it drops down to
12 + log(O/H) = 8.45 ± 0.08 in the outer part of tidal tail (re-
gion #11). Thus, our measurements reveal a shallow gradient
of (O/H)≈ 0.1 dex within the radial distance interval of about
22 kpc3, or ∆(O/H) ∼ 0.005 dex kpc−1 ≈ 0.05 dex R−125 4,
that is 6 − 8 times lower than that for normal spiral galaxies
(Pilyugin et al. 2014; Ho et al. 2015). This evidences a radial
motion of gas inspired by interaction, which is typical for
galaxies in close pairs (Kewley et al. 2010; Rosa et al. 2014)
and for interacting or merging galaxies (Rupke et al. 2010;
Rich et al. 2012). This estimate is also consistent with our
previous measurements for other interacting systems (Zasov
et al. 2015, see, e.g.).
The oxygen abundance towards the H i cloud to the
south-east of the galaxy is the same as in the northern tidal
tail: 12 + log(O/H) = 8.42 ± 0.06 for the faint star-forming
regions observed there, crossed by the slit with PA= 125◦.
The oxygen estimates obtained for the centre of NGC 90
by two methods significantly differ. However, as we noticed
3 The approximate radial distance between regions #5 and #11 after correc-
tion for inclination adopting position angle of major axis PA = 120.1◦ and
inclination angle i = 34.5◦ taken from HyperLeda
4 We assume R25 = 10.4 kpc according to HyperLeda
above, the emission from the central zone comes from DIG,
not from star-forming regions, and hence the empirical cal-
ibrators of oxygen abundace that based on measurements
for H ii regions are not reliable (especially those like S
method, which utilize [S ii]/Hα flux ratio that is signifi-
cantly enhanced in DIG). On the other hand, in recent work
by Kumari et al. (2019), the authors showed that O3N2
method works well for objects highly polluted by DIG. Tak-
ing into account that the value of central oxygen abundance
12 + log(O/H) = 8.47 ± 0.02 revealed by O3N2 method is
consistent with estimates made for outer star-forming regions
in the galaxy and with the metallicity for the shocks models
used during analysis of BPT-diagrams, we may expect that
our estimates are reliable5. If we adopt this estimate of (O/H)
in the centre, then two features in the oxygen abundance dis-
tribution might be highlighted. First is the flat distribution
of abundance in the central part (actually, a slight reversed
gradient is observed, but it lies within the uncertainties for
individual points). Second – the central oxygen abundance
is slightly lower than in the brightest star-forming region #5
in the basement of tidal tail. Both these features might result
from the possible gas infall to the central part of the galaxy
that flattens the metallicity distribution. Such infall might be
responsible for the mentioned above non-circular motions in
the centre of the galaxy and for the shocks.
2.2 Photometry and mass of NGC 90
NGC 90 is a spiral galaxy with a very complex structure, as
it is evident from the analysis of its photometric profiles. We
analyzed the archive SDSS g-band and Spitzer IRAC 3.6 µm
images of NGC 90 using the ellipse routine (Jedrzejewski
1987) in the iraf software environment (Tody 1986). Fig.
4 shows radial brightness distribution for g-band averaged
within elliptical rings with variable ellipticity  = 1 − b/a
and position angle of major axes (PA)0 of isophotes. In Fig.
5 we demonstrate the variation of  and (PA)0 of isophotes
with radial distance in g-band and at 3.6 µm. Three zones can
be distinguished on the diagrams: the central region within
R ∼ 10 arcsec, which includes bulge and a short bar, the
region of bright regular spiral arms, and the outer region,
which, judging by its low ellipticity, we observe nearly face-
on.
Note that a radial variation of ellipticity or (PA)0 along
R describes a brightness, not mass distribution. In particular,
a change of (PA)0 in the zone of spiral arms just reflects their
curved shape. Most probably, a tilt of a disc plane sharply
changes at R ≈ 25′′ between the area of spiral arms and the
outer low-inclined disc. At the same time, non-asymmetric
brightness distribution in the arms region prevents the as-
sessment of real disc orientation there.
The most certain way to specify (PA)0 is to use a dy-
namic approach, namely to trace the LOS variation along the
off-centre slit at PA = 122◦. If themotion of gas does not devi-
ate strongly from the circular one, one should expect that the
zero LOS velocity V=0 with respect to the center of galaxy
5 Note however that Kumari et al. (2019) consideredmostly the DIG ionized
by leaking quanta fromH ii regions,while in our caseDIGhasmost probably
shock-induced origin, so the oxygen abundance estimates in the centre of
NGC 90 still should be used with a caution.
MNRAS 000, 1–10 (2018)
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Figure 4. The radial variation of g-band surface brightness of NGC 90.
Figure 5. Radial variation of the ellipticity (top panel) and position angle (
bottom panel) of NGC 90 for g-band (crosses) and 3.6µ m (diamonds).
is observed where the slit cuts the dynamic minor axis. Judg-
ing from the LOS velocity distribution, zero velocity falls
on the interval R = 0 − 20 arcsec. Corresponding values of
(PA)0 = 95 − 130◦ may be considered as the most probable
range of dynamic major axis of the inner disc. In this case we
may identify a turnover of LOS velocity observed at about
10 arcsec from the centre with the turning point of rotation
curve to a plateau atVlos ≈ 130 km s−1, as the velocity of disc
rotation in projection onto the line-of-sight. After correction
for projection for the adopted b/a=0.5, a circular velocityVrot
beyond the turnover is ∼ 230 km s−1 for (PA)0 = 95◦ and
∼150 km s−1 for (PA)0 = 130◦.
Note that the latter value of Vrot better agrees with
Tully-Fisher relation. Indeed, NIR magnitudes mH = 11.2
and mKs=11.0, according to the NED database for NGC 90,
when applied to the Tully-Fisher relation (see Ponomareva
et al. (2017)), give us the expected ‘flat’ velocity of rotation
Table 1. Colour indices corrected for extinction of the regions of NGC 90
shown in Fig. 1.
region u-g g-r
mag. mag.
1 1.55±0.08 0.61±0.04
2 1.16±0.18 0.45±0.10
3 1.12±0.13 0.29± 0.07
4 1.03±0.13 0.26±0.07
5 0.09±0.22 0.16±0.17
6 0.25±0.30 0.10±0.23
7 -0.15±0.26 -0.14±0.23
8 0.26±0.26 -0.05±0.20
9 0.36±0.27 0.11±0.20
10 0.29±0.27 -0.07±0.21
11 0.89±0.22 -0.01±0.14
12 1.23±0.37 0.29±0.20
∼ 170 km s−1 with the error about 0.1 dex. Rough estima-
tions of total mass within the optical diameter D25= 21 kpc
are ∼ 13 × 1010M for (PA)0 = 95◦ and ∼ 6 × 1010M for
(PA)0 = 130◦. Thus, a dynamic mass within D25 is deter-
mined at best with an accuracy of about factor 2.
The colour indices of several individual regions of en-
hanced brightness, obtained from SDSS images and marked
in Fig.1, are given in Table 1. The colours were corrected
for extinction EB−V = 0.3, estimated from Hα/Hβ ratio.
Note however that the assumption of uniform distribution
of EB−V may be the source of some uncertainty of colour
estimation. Fig. 6 illustrates a position of these regions at
two-colour diagram (the numbered symbols). We also show
there the model Starburst99 tracks (Leitherer et al. 1999) for
continuous (dashed line) and instantaneous (black line) star
formation (for Kroupa IMF Kroupa 2001). For comparison,
we also placed there the normal colour sequence (NCS) that
galaxies of various morphological types form. To obtain this
sequence we took theU−B and B−V colours of the galaxies
of different morphological types brighter than BT = 11 from
Hyperleda database and converted these colours to (u − g)
and (g−r) using the coefficients from Jester et al. (2005). The
band of NCS reflects the dependence between colour indices
and the relative contribution of young stars to the total lumi-
nosity. It can also be considered as the sequence of colours
for different time scales of star formation decay. The most red
galaxies with a very low star formation rate occupy the upper
part of the sequence. Regions of the outburst of star forma-
tion, or, conversely, of its rapid termination, should deviate
from NCS.
As the diagram shows, all numbered regions (with the
exception of region 11) can be divided into two groups. First,
a center of the galaxy (1) and the regions of bright spiral
arms (2,3,4,12) lie along the NCS. They contain a mixture of
stars of different ages, and by their stellar composition they
are similar to spiral galaxies of Sa-Sc types, with a moderate
rate of star formation. A colour of the central region (1) also
evidences normal stellar population, consisting mainly of old
stars. The second group of regions (5, 6, 7, 8, 9, 10) does not
concord with NCS, being the areas of active birth of stars:
their characteristic age is only a few million years. All these
areas lie on the continuation of spiral arms outside the inner
MNRAS 000, 1–10 (2018)
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Figure 6. The position of the regions of NGC 90 shown in Fig.1 on the (g-r) versus (u-g) diagram (symbols with numbers). The position of centre of the
galaxy is given by circle. Small transparent circles show for the comparison galaxies of various morphological types for which we got U-B and B-V colours
from Hyperleda database and converted them to (g-r) and (u-g). The type is colour- coded. The colour-bar is shown in the plot, where the numbers correspond
to the types. Black line and gray dashed line with the signed ages correspond to Starburst99 model tracks for instantaneous and continuous star formation
respectively.
regular spiral pattern (except for the youngest region 7, lo-
cated outside of the spirals), where tidal effects, responsible
for the distortion of the spiral structure, influence the proper-
ties of interstellar medium. A current or recent star formation
in the local areas can be associated with colliding gas flows
inspired by tidal impact.
The extended region 11 of enhanced brightness is lo-
cated in the tidal tail furthest from the main body of the
galaxy. It should have a slightly different story: its color is
well described by the model where all stars emerged at a time
of about ∼ 165 Myr ago, which may correspond to the time
of the beginning of formation of tidal tails. This age is consis-
tent with the estimate of Sengupta et al. (2015) which claim
that the shortest possible time since the closest approach of
galaxies to be ∼ 1.9 × 108 years ago.
2.3 On the nature of H i cloud in NGC 90
A unique feature of NGC 90 is the anomalous velocity of
gas in the vast region in SE part of the galaxy which may
be interpreted as a giant non-rotating massive H i cloud,
strongly shifted from the centre of galaxy (Sengupta et al.
2015). It is not inferior in size to the optical galaxy, and
its mass is approximately equal to the gas mass in the main
disc of NGC 90 (about 3.4×109M). LOS velocity of the
‘cloud’ is at 340 km s−1higher than the velocity of a galaxy
centre, and its maximum column density of H i exceeds
that observed in the main galaxy. The nature of this cloud
remains unclear. The cited authors came to conclusion that
the most reasonable explanation of the SE high-velocity H i
mass is the tidal interaction between NGC 90 and NGC 93
which caused a displacement of about half of the H i beyond
the main disc. As an example of similar event they refer
to the interacting pair Arp 181 (Sengupta et al. 2013), and
some other examples where H i mass displacement is also
observed.
Note however that tidal interaction unavoidably involves
a stellar disc population parallel with diffuse gas, so the H i
tidal displacement in interacting galaxies is usually accompa-
nied by the stellar flows. In our case there is no any observed
trace of diffuse low brightness stellar background in the H i
cloud. We also note that a velocity variation along tidal tails
in interacting systems is usually smooth and have a small
velocity gradient, so even in a tip of a tail the velocity of gas
does not strongly differ from that of parent galaxy. In NGC 90
we have quite different picture: according to Sengupta et al.
(2015), velocity distributions of the H i cloud and the disc
gas almost do not overlap, their maxima being widely sep-
arated (see also a two-humped velocity distribution in the
single dish spectrum of H i obtained earlier for this galaxy
by Springob et al. 2005). The observed velocity of the most
swift blob of gas in the ‘cloud’ exceeds the galaxy velocity
more than at 400 km s−1, while the velocity of disc rotation is
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twice slower, which is hard to explain by the tidal interaction
only.
At last, a high velocity of gas ‘cloud’ with respect to the
galaxy gives evidence that the gas moves in a direction close
to the line of sight. At the same time we see the optical tidal
distortion of the galaxy disc, namely the optical tidal tails
that continue spiral arms (also containing a gas), which are
stretched in the direction far fromLOS. It is very unlikely that
the gas tail shares the same origin as the tidal tails due to it
being offset in a different plane. Therefore, a common origin
of the optical tails and a gas streamobserved as theH i ‘cloud’
looks incredible. Another mechanism that can effectively
remove a significant part of the gas from the galactic disc
in a time short compared with the time of gas consumption
is the ram pressure of intergalactic medium in a group or in
a cluster where a galaxy moves. Indeed, galaxies in groups
with diffuse X-ray emission are often H i deficient, and have
lost more gas compared to those in groups without X-ray
emission, which at least in part may be due to ram pressure
(Sengupta & Balasubramanyam 2006).
However, as Sengupta et al. (2015) rightly noted, one
can expect the ram pressure in groups to be at least an order
of magnitude lower than in clusters. Nevertheless it is evi-
dent that the resultant gas loss depends on specific circum-
stances. For example, in Virgo cluster, where the effective
gas sweeping is well established (see e.g. Chung et al. 2009;
Safonova 2011) a mean gas density of intracluster medium is
not too high: based on the ROSAT X-ray observations, elec-
tron volume density ne in the central region at about 0.2 Mpc
from M87 was estimated to be near 10−3cm−3 (Nulsen &
Bohringer 1995), and it falls down approximately inversely
proportional to the radial distance Rcl . In the frame of β
model of gas distribution, Boselli et al. (2016) estimated ne
in Virgo cluster as low as 10−5cm−3 at Rcl ≈ 0.5Mpc in the
region of spiral galaxy NGC 4569, which has undergone a
ram pressure stripping event. In big groups (or small clusters)
of galaxies with the luminosity of hot gas Lx ∼ several 1042
erg/s an intra-group gas density is of the same order as in the
central region of Virgo, that is about 10−3cm−3 (Dahlem &
Thiering 2000; Sengupta & Balasubramanyam 2006). Hence
a difference of ram pressure P ∼ neV2 between groups and
clusters determines primarily by a relative velocity of galax-
iesV , which in the mean is several times lower in groups than
in rich clusters.
Note that the luminosity Lx of the group to which the
NGC 90 belongs, is rather high: according to ROSAT data,
Lx ≈ 3 × 1042 erg/s (Mahdavi & Geller 2004), so the group
is rich of hot gas. In our case it is the most important that
NGC 90 has unusually large LOS velocity with respect to a
systemic velocity of the group: according to Sengupta et al.
(2015) this LOS velocity difference is 574 km s−1, so the
effect of ram pressure may be strong enough to deprive the
galaxy of a significant part of gas located in the outer regions
of the disc.
An indirect evidence of the origin of the SE cloud as the
result of ram pressure is the proximity of the ‘cloud’ velocity
to the mean velocity of group members. The parent galaxy
deviates more from the group by its velocity. Noteworthy
is also the high column density of gas in the ‘cloud’, which
exceeds the maximum gas density in the main galaxy, and the
absence of noticeable regions of active star formation in the
most dense region of the ‘cloud’. This clearly evidences, that
the ‘cloud’ most probably is stretched along the line-of-sight,
so the mean volume density of gas, unlike a column density,
remains low. In this scenario a high velocity of NGC 90
relative to the other group members indicates that it’s the
first infall of the galaxy into the central region of the group,
which led to its gas loss. It agrees with the observed ”cloud”
offset away from the group center as is clearly evident from
Fig. 2 in Sengupta et al. (2015) which shows the locations of
Arp 65 and other group members together with intra-group
medium X-ray emission centroid.
The gas will be removed from a stellar disc if the force of
ram pressure of intragroup gas (IGG) exceeds the restoring
gravitational force per unit area (Gunn & Gott 1972), which
leads to the simplified equation:
ρicmV2g > 2piGΣgasΣ∗,
where ρicm,Vg, Σgas, Σ∗ are the IGG density, the velocity of
the galaxy through the IGG perpendicular to the disc plane,
mass surface densities of the gas disc and of the stellar disc,
respectively. If, by analogy with the normal spiral galaxies,
to assume that the interstellar gas density beyond the inner
region of a disc is Σgas < 10M  /pc2 and to take ρICM for
intra-group gas, corresponding to ne = 10−3cm−3, then the
resulting threshold stellar density
Σ∗ ≈ 25M/pc2.
On the other hand, a SDSS-based photometry of NGC 90
gives for radial distance corresponding to borderline of
the inner symmetric spiral arms a brightness µg =
23.7mag arcsec−2 and colour (g − r) = 0.6 mag (non-
corrected for extinction). Then the colour - M/L relation
(Roediger & Courteau 2015) leads to the expected surface
density Σ∗ = 30 ± 4M/pc2, which is close to the expected
density level corresponding to gas removal. Whilst total gas
stripping will not occur, the inside-out nature of RPS means
that the outer gas will likely be swept out of the disc. Hence a
ram pressure could indeed deprive the galaxy of a significant
part of gas from the outer regions of its disc, when it enters
the inner area of a group. Since the velocity of NGC 90 is
lower than the mean velocity of the group, the galaxy appar-
ently lost its gas, entering the rear side of the group, moving
toward the observer.
A possible example of similar gas stripped tail demon-
strates a jellyfish galaxy JO206, observed in H i line by
Ramatsoku et al. (2019). It is located near the centre of the
low-mass galaxy cluster IIZw108, having LX ∼ 1044 erg s−1.
As in the case of NGC 90, JO206 appears to be a galaxy
falling into the cluster, which experiences a ram pressure.
A distribution of H i in JO206 is perturbed and exhibits a
one-sided, ∼ 90 kpc-long H i tail, emanating from the optical
disc. Its hydrogen mass (about 3 × 109M) is the same as in
the ”cloud” of NGC 90. A variation of LOC velocity along
the tail is also high, exceeding 300 km s−1. There are numer-
ous star-forming regions scattered along the tail of JO206.
In the case of NGC 90 we don’t see any bright areas of ac-
tive star formation connected with H i cloud: perhaps we
are observing this galaxy at the later stage of gas sweeping.
Nonetheless a chain of low luminous H ii regions crossed by
the slit PA = 125◦ with LOS velocities laying between those
for the galaxy and the cloud, are clearly seen in Fig.2 (right
panel) evidencing that small local sites of star formation also
exist in the ejected gas flow.
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gas was found in a jellyfish galaxy JO204 in the low mass
cluster Abell 957 (Deb et al. 2020). This 90-kpc long ram-
pressure stripped tail points away from the cluster center and
contains most of H i gas of the parent galaxy. The galaxy
also possesses a more short and very clumpy ionized gas
flows connecting with H i tail, where star formation remains
active.
Actually in the case of NGC 90 the picture is compli-
cated by gravitational interaction of galaxy with the neigh-
bour galaxy NGC 93, a photometrically estimated mass of
which, according to Sengupta et al. (2015), is 1.4× 1011M.
The difference of LOS between NGC 93 and NGC 90 ex-
ceeds 300 km s−1, therefore, with high probability, galaxies
are not bounded gravitationally, although a strong morpho-
logical distortion of NGC 90 evidences a tidal interaction.
Tidal forces could play a role in the shear and stretching
of the gas flow, weakening a connection between gas ex-
pelled from the disc and the parent galaxy. However, the tidal
stretching remains unnoticeable on the H i maps, since, as
the above arguments show, the gas flow from NGC 90 is
apparently extended along LOS.
3 CONCLUSION
Spectral observations and the analysis of photometric data
of NGC 90 confirmed that this is a moderate-mass galaxy
with gas metallicity slightly less than the solar one. It has
the asymmetric distribution of emission regions of current
or recent star-formation outside of the regular spiral arms,
and predominantly shock excitation of gas in the central part
of the galaxy and at least in some regions of spiral arms. A
nucleus of galaxy possess a LINER-like activity.
The main peculiarity of NGC 90 is the presence of mas-
sive ‘cloud’ ofH i projecting onto its SE edge (Sengupta et al.
2015). The cloud LOS velocity is significantly different from
the velocity of the adjacent part of the galaxy, and therefore
it is loosely connected with the latter. Observations showed
the presence of emission regions in the high-velocity gas,
apparently related to local sites of star formation triggered by
interaction.
We argue that the galaxy was subjected to two types of
external influence. Firstly, this is a tidal interaction with the
neighbour galaxy NGC 93. Apparently the convergence of
galaxies took place 150-200 Myr ago. It manifests itself not
only in themorphology of a spiral galaxy, but also in a change
in the outer disc orientation, which, unlike the inner disc, is
observed close to face-on, and also in a low radial gradient
of gas metallicity, as well as in presence of tidal tails.
Secondly, it is a ram pressure of the intra-group hot gas
onto the disc, which led to a loss of a significant part of the
diffuse gas of the galaxy. The gaseous tail, which inevitably
arises in such cases, is apparently elongated along the line of
sight, which creates the illusion of a cloudwith a high column
density of gas projecting onto the SE-part of the galaxy. A
chain of local emission regions in this tail evidences that
star formation inspired by the high gas pressure, has not yet
completely faded.
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